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Abstract: Against the backdrop of increasing interest in the relationship between Nature 
and health, this study examined the effect of perceived environment type and indicators of 
perceived environmental quality on short-term emotional well-being following outdoor 
group walks. Participants (n = 127) of a national group walk program completed pre- and 
post-walk questionnaires for each walk attended (n = 1009) within a 13-week study period. 
Multilevel linear modelling was used to examine the main and moderation effects. To 
isolate the environmental from the physical activity elements, analyses controlled for walk 
duration and perceived intensity. Analyses revealed that perceived restorativeness and 
perceived walk intensity predicted greater positive affect and happiness following an 
outdoor group walk. Perceived restorativeness and perceived bird biodiversity predicted 
post-walk negative affect. Perceived restorativeness moderated the relationship between 
perceived naturalness and positive affect. Results suggest that restorative quality of an 
environment may be an important element for enhancing well-being, and that perceived 
OPEN ACCESS
Int. J. Environ. Res. Public Health 2015, 12 107 
 
 
restorativeness and naturalness of an environment may interact to amplify positive affect. 
These findings highlight the importance of further research on the contribution of 
environment type and quality on well-being, and the need to control for effects of physical 
activity in green exercise research. 
Keywords: emotional well-being; perceived restorativeness; biodiversity; attention 
restoration theory; environmental quality indicators; green exercise; group walks 
 
1. Introduction 
For centuries, people have used the natural environment to enhance their health and well-being [1]. 
Empirical research has found that interaction with Nature is associated with better mental health and 
well-being [2–6], positive emotions [7–10], and attention [8,11,12], as well as reduced (physiological 
or perceived) stress [4–6,8,13–18]. Yet the natural environment is often “treated as uniform” [19] (p. 48) as 
studies commonly compare broad urban and natural environment categories [7,8,20] or analyze the amount 
of, or proximity to, Nature [2,3,21–23]. There have been calls to go “beyond the green” to investigate the 
contribution different types and qualities of natural environments have on well-being [24–34]. Specifically, 
Thompson Coon et al. [26] suggest “future studies might consider the impact of the perceived quality 
of the environment on mental and physical wellbeing outcomes.” (p. 1771).  
“Quality” is often discussed in terms of the “aesthetics or attractiveness” of the natural  
environment [35] (p. 27). Many of the indicators of environmental quality pertain to use, such as 
accessibility, maintenance, perceived safety, presence of amenities or absence of litter [27,29,35–37]. 
Recently, a broader set of environmental quality indicators have begun to be acknowledged and 
researched, such as: biodiversity [19,38–42], naturalness [36,43], and perceived restorativeness [33,43]. 
Despite the predominate focus in the literature to test exemplars of natural and urban environments, 
recent research has begun to investigate the influence different types and qualities of natural environments 
have on health and well-being. The following will review the previous literature that has moved beyond the 
green to investigate the effect on well-being from different environment types and indicators of perceived 
environmental quality—specifically perceived naturalness, biodiversity and restorativeness.  
1.1. Types of Natural Environments  
Not all green spaces have an equal impact on well-being; some types of natural environments may 
have more of an effect on well-being than others. For example, de Vries et al. [2] found that the 
amount of agricultural green space in one’s neighbourhood was associated with greater physical and 
mental health, but the amount of urban green space, forest, or “nature areas” (p. 1722) in the 
neighbourhood had no effect [2]. Similarly, living near to coastal environments have been shown to 
have an effect on positive mental health—over and above the effects of green space [44,45].  
Use of specific types of natural environments for physical exercise has also been shown to have a 
differential effect on health and well-being. Exercise near a beach or river may have greater 
improvements in self-esteem and mood than exercising in urban green space, farmland and woodland 
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environments [46]. Walking alone in a maintained forest was associated with greater positive affect 
and less negative affect, compared to walking alone in an unmaintained forest [47]. Marselle et al. [48] 
investigated the effect different environment types have on well-being and found that walking with 
others in farmland and green corridor environments were associated with less negative affect and 
perceived stress than walking with others in urban environments, whilst natural and semi-natural, 
urban green space, or coastal environments had no effect.  
1.2. Perceived Naturalness  
How natural an environment is perceived to be is an important predictor of well-being. People 
express greater positive affect and happiness in natural environments than in urban or indoor 
environments [7]. Environments perceived as “more natural” (e.g., forest, woodland, or valley) have 
been associated with greater psychological well-being than “less natural” environments (e.g., parks, 
gardens, or farmland) [9]. Perceived naturalness was a significant predictor of anxiety following a bout 
of green exercise;  
the more natural an environment is perceived, the larger the reductions in anxiety [49]. However,  
van den Berg et al. [50] found perceived naturalness of an environment had no influence on restoration 
of emotional well-being following a scary movie. 
1.3. Perceived Biodiversity  
Biodiversity may be a useful environmental quality indicator for investigating the health and well-being 
impacts of natural environments [39]. The level of objective biodiversity in the environment has been 
shown to have a positive influence on improved health [28,39,51], psychological well-being [40] and 
positive emotions [41]. Our review here focuses on perceived biodiversity—an individual’s assessment 
of the species richness in an environment [19,39]. People have a general belief that the perceived 
biodiversity of flowers, birds, and trees in an urban park improves their well-being [42]. In their in-situ 
survey in riparian green space, Dallimer et al. [19] found psychological well-being was positively 
correlated with the number of bird, butterfly and plant species perceived in the environment. As 
investigations of biodiversity and well-being are a nascent research area, further research is needed to 
clarify the relationship between biodiversity and emotional well-being.  
1.4. Perceived Restorativeness 
Examining the perceived restorative quality of an environment is another way to “move beyond 
green” in analyses of Nature and health. Attention Restoration Theory (ART) posits that certain 
environments can facilitate restoration of one’s ability to direct attention or concentrate [52,53]. 
Theorized qualities of a restorative environment include: being away, fascination, coherence, and 
compatibility [52,53]. A restorative environment requires psychological and physical distance from 
tasks, thoughts, or environments which require directed attention (being away). Fascinating stimuli are 
required to attract effortless, involuntary attention, which allows for the rest and restoration of directed 
attention (fascination). Fascination can be sustained if the stimuli are organized in a coherent way and 
rich enough to foster the perception of being in a whole other world (coherence). The theory 
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acknowledges that a fit between the environmental setting and one’s purposes and inclinations is 
required for restoration; a compatible environment allows one to carry out his or her activities without 
struggle (compatibility). Natural environments are theorized to be well endowed with these four 
restorative qualities [52,53].  
Quantitative measures have been created to assess the perceived restorativeness of an environment, 
based on the four qualities described by ART. These measures have been positively correlated with 
greater emotional well-being in general [54], and positive affect in particular [55]. Specific 
examination of the restorative quality of “fascination” found it was correlated with greater positive 
affect, but  
non-significantly related to negative affect [56].  
1.5. Perceived Restorativeness as a Moderator 
Environmental types and qualities do not occur in isolation; an environment can be experienced and 
assessed for its type, as well as its naturalness, biodiversity and restorative quality. For example, an 
urban green space could have a low level of perceived naturalness, moderate levels of perceived 
biodiversity and high perceived restorativeness. Similarly, a biodiverse environment can also be 
assessed for its naturalness, restorativeness, and environment type.  
While there are multiple ways in which one could conceptualise the relationship between the 
environment and well-being, in this paper we specifically focus on how these environmental 
characteristics might interact with one another to influence emotional well-being. Interaction is also 
known as moderation [57]. Moderators qualify environment-behaviour relationships [58]; they can answer 
when the external environment will effect well-being—and when it will not [57]. Moderation analyses of 
the relationship between environment and well-being have been called for by researchers [59,60]. Whilst 
previous studies have investigated gender [56], social interaction [61], activity type [62], and the type of 
urbanity surrounding a natural area [63] as moderators, few studies investigate an interaction between 
perceived environmental type and/or environmental qualities, and well-being.  
In the current study, we investigate whether perceived restorativeness would moderate the 
relationship between perceived type, naturalness, or biodiversity of an environment, and emotional  
well-being. ART implies that perceived restorative quality may interact with a natural environment to 
influence restorative outcomes. In other words, it is possible that a natural environment with high 
perceived restorative quality may engender greater restoration than a natural environment with low 
restorative quality. Hartig et al.’s [55] analysis of perceived restorativeness and emotional wellbeing 
lends some support for this argument. Whilst not formally testing for moderation, study 1 found the 
relationship between positive affect and perceived restorativeness differed by the restorative quality of 
an outdoor environment. Natural and built outdoor environments a priori expected to be high in 
restorative potential, had significant correlations between positive affect and perceived restorativeness, 
whereas those environments expected to be low in restorative potential demonstrated no significant 
relationship between positive affect and perceived restorativeness. Thus, environment and restorative 
quality give the appearance of having interacted, suggesting perceived restorativeness may effect when 
an outdoor environment influences emotional well-being and when it does not. In a study by  
Gonzalez et al. [64] the authors specifically investigated whether the restorative qualities of “being 
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away” and “fascination” would moderate the effect of a therapeutic horticulture intervention on 
depression. Being away and fascination were measured as an average across multiple measurements, 
one of which included the respondent’s home. The authors found the overall level of “being away” 
moderated the change in depression of the therapeutic horticulture intervention, but ‘fascination’ did 
not. In other words, participating in the intervention was associated with greater decline in depression, 
among those who experienced a high level of “being away” in two environments (i.e., home and the 
horticulture intervention setting). Due to the limited research, we believe there is scope to investigate 
whether perceived restorative quality interacts with perceived environmental type, naturalness or 
biodiversity to amplify well-being.  
1.6. Walk Characteristics—Walk Duration and Intensity 
Physical exercise itself can improve mood [65–67]. As such, it is important to isolate its effect from 
the natural environment when studying green exercise [16,32,68]. Duration and intensity of physical 
activity both have been shown to increase post-exercise positive affect [69]. In this study, we measured 
duration and perceived intensity of the group walk to examine their independent influence on 
emotional well-being following an outdoor group walk. 
1.7. Study Aims 
The first aim of this study was to explore the health benefits of Nature beyond a “green” 
environment and investigate the effect of environment type and indicators of perceived environmental 
quality (i.e., naturalness, biodiversity, restorativeness) on emotional well-being following an outdoor 
group walk. Characteristics of the group walk—duration and intensity—were assessed to understand 
their independent relationship to emotional well-being. The second aim of this study was to investigate 
whether perceived restorative quality of an environment moderates the effect of perceived environment 
type or perceived environmental quality on emotional well-being. To our knowledge, the interaction of 
perceived restorative quality with perceived environment type, naturalness, and biodiversity are 
heretofore unknown and such moderation analyses are unique.  
2. Methods  
2.1. Participants  
Participants were recruited from a larger study investigating the well-being benefits of Walking for 
Health (WfH) [6], a national group walk program which provides free, short, led health walks 
throughout England [70]. Figure 1 details the participant flow. Over one-thousand participants of the 
main study volunteered to take part in this sub-study. Inclusion criteria was restricted to individuals 
aged 55 years or older to reflect the age demographic of the WfH population [71,72] and the main 
study sample [6]. One hundred and sixty individuals were randomly selected using a stratified (by 
English region and gender) sample. Information about age and gender of participants, and English 
region in which their WfH walk took place were collected through the main study. Thirty-three 
participants did not take part in the sub-study (see Figure 1). In total, 127 participants took part in this 
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sub-study. The majority of participants were female (55.5%), and aged either 55–64 years (44.1%) or 
65–74 years (45.5%). 
 
 
Figure 1. Steps in composing the sub-study sample beginning with participants from the 
main research study who volunteered to take part. a Selected to reflect Walking for Health 
demographics; b Equal numbers of men and women for each region in England; cNumber determined by 
resource constraints. 
2.2. Procedure 
Participants completed a questionnaire for each WfH group walk attended within a 13-week study 
period (22 August to 14 November 2011). This 13-week period was the “intervention” for the main 
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research study [6,73]. The two-page questionnaire contained a section to be completed immediately 
before, and a section to be completed immediately after, the walk. Figure 2 details the data collection 
plan. The date on which a walk took place was not collected on the questionnaire. 
A “participant pack” containing a consent form, study instructions, 12 questionnaires (Additional 
questionnaires were available upon request from the first author if a participant took more than  
12 walks during the 13-week study period.), and 13 self-addressed, stamped return envelopes was 
mailed to each participant prior to the start of the sub-study. Participants returned their signed consent 
form and completed questionnaires in the provided return envelopes. The study was approved by  
De Montfort University’s Human Research Ethics committee. A prize draw of £150 worth of shopping 
vouchers was provided as incentive for participation.  
 
 
Figure 2. Data collection plan. Note: Items from “Main Research Study Time 1” were collected via 
online questionnaires as part of the main study; information provided at “Pre-Walk” and “Post-Walk” were 
collected on paper-based questionnaires returned via mail. The variable “Duration of WfH walk” was 
calculated from Pre-Walk Start time and Post-Walk Finish time for use in analysis. 
2.3. Measures 
2.3.1. Outcome Variables 
Emotional well-being—a form of subjective well-being concerned with hedonic experiences of 
happiness, pleasure and enjoyment [74,75]—was selected as the outcome of interest. Emotional well-being 
has a demonstrated impact on long-term health [76,77], and is one of the most common outcomes 
considered in studies of Nature and health [25,26,78]. It is often measured as the presence of positive 
feelings and the absence of negative feelings [75], and/or life satisfaction [79]. Consistent with previous 
research [7,8], we measured emotional well-being as positive affect, negative affect, and happiness.  
Positive Affect and Negative Affect were measured with the Positive and Negative Affect Schedule 
(PANAS) [80]. Before and after the group walk, participants rated how they felt “now” on 10 positive 
and 10 negative emotions using a 5-point scale (1 = very slightly or not at all; 5 = extremely). For each 
sub-scale, total scores range from 10 to 50; higher scores demonstrate greater positive or negative 
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affect. The PANAS has been used in previous Nature and health studies [11,48,81,82]. Happiness was 
assessed before and after the group walk with a single item, 11-point scale (0 = Not happy; 10 = Very 
happy) [83]. Single-item happiness scales have been used in studies of restorative environments [7,8] 
and Nature and health [84,85]. 
2.3.2. Predictor Variables 
Environment Type  
Environment type for a WfH group walk was assessed with the question: “What type of environment 
did you walk in?” Participants selected one response from a list of 10 categories that best described that 
environment. Environment types were reduced to seven categories based on previous research [48].  
Indicators of Perceived Environmental Quality  
Perceived naturalness of the environment was assessed with a single item, 7-point semantic differential 
scale (1 = natural; 7 = artificial). The item has been used in previous green exercise [49] and restorative 
environments [50] studies. This variable was inversely recoded (1 = artificial; 7 = natural) for the analysis.  
Perceived biodiversity was assessed with three items, in which participants were asked to indicate 
about how many different types of birds, butterflies, and plants and trees were in the environment. 
Items and response categories were based on previous research [40], with the addition of the initial 
response option of zero (Birds: 1 = 0; 2 = l–4 types; 3 = 5–14 types; 4 = 15–30 types; 5 = more than  
30 different types; Butterflies: 1 = 0; 2 = 1–4 types; 3 = 5–9 types; 4 = 10–20 types, 5 = more than  
20 different types; Plants and trees: 1 = 0; 2 = 1–9 types; 3 = 10–99 types; 4 = 100–300 types;  
5 = more than 300 types). Due to low response frequencies for the zero response option, the two lowest 
response categories were combined for each perceived biodiversity variable; this aligned the response 
categories with those used by Fuller et al. [40]. 
Perceived restorativeness was measured using the 16-item Perceived Restorativeness Scale  
(PRS) [55,86]. Participants assessed the extent to which each statement reflected their experience of 
the environment on a 7-point scale (0 = not at all; 6 = completely). The items were placed in random 
order. Resulting scores range from 0 to 96; higher scores indicate greater perceived restorative quality. 
The PRS can discriminate between different types of natural environments [13,87] and has been used 
in a previous study of outdoor group walks [61].  
Walk Characteristics  
Duration of WfH walk was a computed variable based on the participant-provided start and finish 
times of the group walk. Perceived walk intensity was assessed by asking participants to “rate the 
physical intensity of the walk” on a single item, 10-point scale (0 = very low; 10 = very high). This 
scale was used in previous research of outdoor walking behaviour [88]. Region of England [89] in 
which the participant attended their WfH walk was also included; data obtained from the main study.  
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2.4. Statistical Analysis 
Pearson’s correlation coefficients for repeated measures using median scores [90] for all variables 
were performed (except duration, which being purely continuous, mean values were used). Multilevel 
modelling was used to further study the relationships within the data. As each participant completed a 
questionnaire for every group walk attended, we had multiple responses from each participant about their 
pre- and post-walk emotional well-being, environment type, indicators of perceived environmental 
quality, and walk characteristics. Multilevel modelling allowed us to include all available information 
in one model. Multilevel models are “regression models that allow the inclusion of both ‘fixed’ and 
‘random’ effects” [91] (p. 1001). “Random effects” reflect the hierarchical structure of the data 
(questionnaires within participants); this improves the analysis by partitioning unexplained variation 
into systematic variation between respondents and residual variation between questionnaires within 
respondents. The predictor variables of interest are the “fixed effects”. Multilevel models have been 
used in previous analyses of Nature and health [3,35,92–94]. 
Main effects and moderation. Two separate models were fitted for each outcome variable. The first 
model analyzed the main (fixed) effects for each outcome variable. The second model explored the 
presence of interaction effects. All analyses were performed using the R software [95], with multilevel 
models being fitted with the nlme package [96]. 
For all main effects models, outcome variables were post-walk positive affect, post-walk negative 
affect and post-walk happiness. Predictor variables were region, environment type, perceived 
naturalness, perceived biodiversity (birds, butterflies, plants and trees), perceived restorativeness, 
duration of WfH walk, and perceived walk intensity. Pre-walk levels of positive affect, negative affect 
and happiness were included as a covariate. For implementation and interpretation purposes, those 
variables that could be directly interpretable in terms of a continuous or interval scale (i.e., all variables 
except region, environment type and the three perceived biodiversity variables) were treated as 
continuous. For region, the reference category was London. The reference category for environment 
type was urban public space. Reference categories for the three biodiversity variables were: 0–4 types 
of birds; 0–4 types of butterflies; 0–9 types of plants and trees. Multicollinearity diagnostics for the 
predictor variables following Shieh and Fouladi [97] were conducted in order to determine which 
predictor variables should be included in the multilevel models. Residual plots from these models were 
analyzed to determine how closely these followed the normal distribution. Duration of WfH walk and 
perceived walk intensity were tested for a potential diminishing returns effect based upon previous 
research results [45]. No transformations were necessary for any of the outcome variables. 
For all moderator models, a priori potential interactions were selected based on theory [53], as 
recommended by Wu and Zumbo [98]. Five interactions were analyzed in this study:  
1. Perceived restorativeness and environment type. 
2. Perceived restorativeness and perceived naturalness. 
3. Perceived restorativeness and perceived bird biodiversity. 
4. Perceived restorativeness and perceived butterfly biodiversity. 
5. Perceived restorativeness and perceived plants and trees biodiversity. 
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Perceived restorativeness was the moderating variable. Predictor variables and the interaction term 
were mean-centered [98,99]. All five interactions for each outcome variable were tested. Only 
statistically significant interactions are reported.  
3. Results  
3.1. Descriptive Analysis 
A total of 1009 questionnaires were returned during the 13-week study period by the 127 participants, 
resulting in a median of seven questionnaires per person (mode = 12) and a range of 1–32. Table 1 
describes each environment type and the number of responses per category. Means and standard 
deviations of predictor and outcome variables are provided in Table 2. The mean was higher for  
post-walk positive affect (M = 36.28) and happiness (M = 7.95) when compared to the pre-walk values 
(M = 30.52; M = 6.45, respectively). There was a reduction in the average value for the negative affect 
after the walk (M = 10.53) compared to pre-walk values (M = 11.74). 
Table 1. The frequency of different environment types in which participants walked during 
the 13-week study period (n = 1009 questionnaires). 
Environment Type Example Provided in Questionnaire Frequency n (%) 
Natural and semi-natural places Country park, nature reserve 366 (36.3%) 
Green corridor River path, cycle ways, bridleways 206 (20.4%) 
Urban green space a 
Public gardens, formal parks, amenity green 
space, allotments, community gardens, urban 
farms, outdoor sports pitches 
195 (19.3%) 
Farmland No example given 127 (12.6%) 
Urban public space Streets, shopping centers, plaza 87 (8.6%) 
Coastal Seaside, estuary 15 (1.5%) 
Mixture b No example given 11 (1.1%) 
Note: Unable to be categorized n = 2. More detailed description of the environment types can be found in 
English Planning Policy Guidance 17 [100]. a = Author-created category combining: parks and gardens; 
allotments, community gardens and urban farms; amenity green space; and outdoor sports pitches.  
b = Category created from “other” write-in responses that described two or more different environment types. 
3.2. Correlations 
Table 2 shows the bivariate correlations. Post-walk positive affect was moderately correlated with 
pre-walk positive affect (r = 0.54, p < 0.001), perceived walk intensity (r = 0.38, p < 0.001) and 
perceived restorativeness (r = 0.60, p < 0.001). Similarly, post-walk happiness was moderately 
correlated with  
pre-walk happiness (r = 0.68, p < 0.001), perceived walk intensity (r = 0.45, p < 0.001) and perceived 
restorativeness (r = 0.43, p < 0.001). Post-walk negative affect was positively correlated with pre-walk 
negative affect only (r = 0.69, p < 0.001). Perceived naturalness, the three perceived biodiversity 
variables, and duration of WfH walk were not significantly correlated with any of the outcome 
variables. 
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Table 2. Correlations 1 between emotional well-being, perceived intensity, duration of WfH walk, and perceived biodiversity, naturalness  
and restorativeness. 
Variables M (SD) 
Correlations between Variables 
1 2 3 4 5 6 7 8 9 10 11 12 
1. Pre-Walk Positive Affect 30.52 (7.32) 1            
2. Post-Walk Positive Affect 36.28 (6.99) 0.54 *** 1           
3. Pre-Walk Happiness 6.45 (2.10) 0.68 *** 0.26 ** 1          
4. Post-Walk Happiness 7.95 (1.50) 0.49 *** 0.62 *** 0.68 *** 1         
5. Pre-Walk Negative Affect 11.74 (3.63) −0.16 0.11 −0.39 *** −0.20 1        
6. Post-Walk Negative Affect 10.53 (1.71) 0.04 0.09 −0.144 −0.12 0.69 *** 1       
7. Perceived Naturalness 5.22 (1.58) 0.01 0.17 −0.02 0.08 −0.00 0.03 1      
8. Perceived Birds NA 0.05 0.06 0.07 0.08 0.01 0.04 0.02 1     
9. Perceived Butterflies NA −0.01 0.07 0.03 0.09 0.08 −0.06 −0.02 0.55 *** 1    
10. Perceived Plants & Trees NA 0.05 0.01 0.10 0.03 0.03 0.03 0.08 0.67 *** 0.46 *** 1   
11. Duration of WfH Walk 1.53 (0.97) −0.04 0.10 −0.00 0.16 0.01 −0.06 0.15 0.20 * 0.12 0.19 * 1  
12. Perceived Walk Intensity 6.07 (1.81) 0.29 ** 0.38 *** 0.28 ** 0.45 *** −0.09 0.03 0.30 ** 0.20 * 0.17 0.15 0.11 1 
13. Perceived Restorativeness 66.91 (15.11) 0.32 *** 0.60 *** 0.17 0.43 *** 0.01 −0.06 0.31 *** 0.34 *** 0.31 *** 0.25 ** 0.16 0.43 *** 
Note: Environment type and region not included. Higher scores indicate greater: positive affect (range 10–50); negative affect (range 10–50); happiness (range 0–10), 
perceived naturalness (range 1–7); perceived birds (range 0–4 to 30+); perceived butterflies (range 0–4 to 20+) ; perceived plants and trees (range 0–9 to 300+);  
duration of WfH walks (range 0.25 to 6 h); perceived walk intensity (range 0–10), and perceived restorativeness (range 0–96).  NA: not applicable. n = 127. * p < 0.05.  
** p < 0.01. *** p < 0.001. 1 Pearson’s correlation coefficients for repeated measures calculated using median scores for all variables, except duration for which mean values 
were considered (relatively similar Spearman rank correlations were found). 
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3.3. Main Effects Multilevel Models 
In this set of analyses, we studied the main effects of region, perceived environment type, indicators 
of perceived environmental quality, and walk characteristics on post-walk emotional well-being.  
3.3.1. Positive Affect 
Pre-walk positive affect (Coeff. = 0.441, p < 0.001), perceived restorativeness (Coeff. = 0.126,  
p < 0.001), and perceived walk intensity (Coeff. = 0.399, p < 0.001) were all significant predictors of 
post-walk positive affect (Table 3). Perceived restorativeness was a significant predictor of positive 
affect following an outdoor group walk, independent of the effect of perceived intensity.  
Table 3. Summary statistics for multilevel main effects model for post-walk positive affect (n = 935). 
Random Effects 
Covariance Parameter Covariance Estimate 
Individual 15.955 
Questionnaire 9.607 
Fixed Effects (Type III) 
Variable Coefficient SE F Value p 
Pre-walk Positive Affect 0.441 0.025 301.900 <0.0001 
Region -- -- 1.102 0.367 
Type of Environment -- -- 0.978 0.446 
Perceived Naturalness −0.178 0.105 2.852 0.092 
Perceived Birds -- -- 1.499 0.213 
Perceived Butterflies -- -- 1.461 0.224 
Perceived Plants and Trees -- -- 0.830 0.477 
Perceived Restorativeness 0.126 0.014 81.993 <0.0001 
Duration of WfH Walk −0.130 0.220 0.346 0.557 
Perceived Walk Intensity 0.399 0.084 22.696 <0.0001 
Note: The table does not show the effect estimates of categorical predictors. The model was 
fitted with an intercept. 
3.3.2. Happiness 
Statistically significant main effects of post-walk happiness were found for pre-walk happiness 
(Coeff. = 0.358, p < 0.001), perceived restorativeness (Coeff. = 0.029, p < 0.001) and perceived walk 
intensity (Coeff. = 0.122, p < 0.001) (Table 4), indicating that as each predictor increased, post-walk 
happiness also increased. The effect of perceived restorativeness on post-walk happiness occurred after 
controlling for the effect of walk intensity.  
3.3.3. Negative Affect 
Pre-walk negative affect (Coeff. = 0.259, p < 0.001), perceived bird biodiversity (p = 0.008), and 
perceived restorativeness (Coeff. = −0.013), p = 0.009) all had significant main effects on negative 
affect (Table 5). Greater perceived restorativeness was associated with a reduction in post-walk 
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negative affect. Examination of the differences in each bird biodiversity category found that post-walk 
negative affect significantly increased as the number of birds perceived during the walk increased from 
0–4 to 5–14 species types (Coeff. = 0.444, SE = 0.144, p = 0.002). There were nonsignificant effects on 
post-walk negative affect from perceiving 15–30 (Coeff. = 0.136, SE = 0.231, p = 0.557) or more than 
30 types of birds (Coeff. = 0.171, SE = 0.357, p = 0.631), when compared to 0–4 types of birds. 
Table 4. Summary statistics for multilevel main effects model for post-walk happiness (n = 935).  
Random Effects 
Covariance Parameter Covariance Estimate 
Individual 0.465 
Questionnaire 0.653 
Fixed Effects (Type III) 
Variable Coefficient SE F Value p 
Pre-walk Happiness 0.358 0.020 318.700 <0.0001 
Region -- -- 0.999 0.441 
Type of Environment -- -- 1.627 0.124 
Perceived Naturalness −0.029 0.026 1.224 0.269 
Perceived Birds -- -- 0.733 0.533 
Perceived Butterflies -- -- 1.716 0.162 
Perceived Plants and Trees -- -- 0.151 0.930 
Perceived Restorativeness 0.029 0.003 76.146 <0.0001 
Duration of WfH Walk 0.076 0.055 1.924 0.166 
Perceived Walk Intensity 0.122 0.021 33.649 <0.0001 
Note: The table does not show the effect estimates of categorical predictors. The model was 
fitted with an intercept. 
Table 5. Summary statistics for multilevel main effects model for post-walk negative affect (n = 935). 
Random Effects 
Covariance Parameter Covariance Estimate 
Individual 0.251 
Questionnaire 2.026 
Fixed Effects (Type III) 
Variable Coefficient SE F Value p 
Pre-walk Negative Affect 0.259 0.015 293.829 <0.0001 
Region -- -- 1.495 0.166 
Type of Environment -- -- 0.652 0.713 
Perceived Naturalness 0.020 0.042 0.221 0.639 
Perceived Birds -- -- 3.967 0.008 
Perceived Butterflies -- -- 1.018 0.384 
Perceived Plants and Trees -- -- 1.468 0.222 
Perceived Restorativeness −0.013 0.005 6.805 0.009 
Duration of WfH Walk −0.123 0.085 2.081 0.150 
Perceived Walk Intensity 0.044 0.033 1.795 0.181 
Note: The table does not show the effect estimates of categorical predictors. The model was 
fitted with an intercept. 
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3.4. Moderation Multilevel Models 
We also studied interaction effects to assess whether perceived restorativeness moderated the 
association between perceived environment type, naturalness or biodiversity, and emotional  
well-being. A significant interaction effect was found for positive affect only. No interaction effects 
were found for happiness or negative affect. 
Table 6 shows the significant interaction model for positive affect. Of the five interaction models 
tested, the interaction of perceived restorativeness and perceived naturalness emerged as a significant 
predictor (Coeff. = 0.290, p = 0.027). The interaction indicates that the level of restorativeness 
moderated the association between perceived naturalness and positive affect.  
Table 6. Summary statistics for multilevel moderation model for post-walk positive affect (n = 935).  
Random Effects 
Covariance Parameter Covariance Estimate 
Individual 15.964 
Questionnaire 9.560 
Fixed Effects (Type III) 
Variable Coefficient SE F Value p 
Pre-walk Positive Affect 0.438 0.025 298.434 <0.0001 
Region -- -- 1.102 0.367 
Type of Environment -- -- 0.879 0.523 
Perceived Naturalness −0.230 0.166 1.912 0.167 
Perceived Birds -- -- 1.399 0.242 
Perceived Butterflies -- -- 1.470 0.221 
Perceived Plants and Trees -- -- 0.834 0.475 
Perceived Restorativeness 1.948 0.211 84.902 <0.0001 
Duration of WfH Walk −0.122 0.220 0.298 0.586 
Perceived Walk Intensity 0.382 0.084 20.681 <0.0001 
Perceived Restorativeness * 
Perceived Naturalness 
0.290 0.131 4.913 0.027 
Note: Perceived naturalness, perceived restorativeness and the interaction term (* perceived restorativeness 
and perceived naturalness) were mean centered. The table does not show the effect estimates of categorical 
predictors. The model was fitted with an intercept. 
4. Discussion  
This study explored the health benefits of Nature beyond a “green” environment to investigate the 
effects environment type and indicators of perceived environmental quality—naturalness, biodiversity 
and restorativeness—had on short-term emotional well-being following an outdoor group walk. 
Characteristics of the walk (i.e., walk duration, intensity) were assessed to understand their 
independent relationship to emotional well-being. We also investigated whether perceived restorative 
quality moderated the effect of perceived environment type or perceived environmental quality on 
emotional well-being.  
We found that perceived restorative quality of the environment was a significant predictor of 
emotional well-being following a group walk, associated with an increase in positive affect and 
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happiness as well as a reduction in negative affect. The identified relationship between perceived 
restorativeness and positive affect mirrors findings in research by Hartig et al. [7,55] and Sato [56].  
To our knowledge, the influence of perceived restorativeness on negative affect is a unique finding. 
Further research is required to fully understand the effect of perceived restorativeness on negative affect. 
The type of environment and the other two indicators of perceived environmental quality—naturalness 
and biodiversity—were nonsignificant predictors of emotional well-being when combined in the same 
model with perceived restorative quality. These results suggest that restorative quality of an 
environment may be an important element for enhancing emotional well-being.  
Moreover, our analyses also showed that perceived restorative quality moderated the association 
between perceived naturalness and post-walk positive affect. In other words, perceived restorativeness 
and perceived naturalness interacted to enhance positive affect following an outdoor group walk. This 
finding suggests these two indicators may work together to amplify the experience of positive emotions 
in Nature. The significant interaction of perceived naturalness and restorative quality is supportive of 
ART, which considers natural environments to have plentiful restorative qualities [52,53]. Previous 
research has found that people differ in their assessments of an environment’s restorative quality based 
on its level of naturalness, in that more natural environments are rated as higher in perceived 
restorative quality than less natural environment [13,43,55,101–104]. To date no research has 
specifically investigated the interaction of the two on affective outcomes. Perhaps the closest study to 
ours was Gonzalez et al [64] who found the restorative quality ‘being away’ moderated the effect of a 
therapeutic horticulture intervention on depression [64]. It is important to note that Gonzalez et al. [64] 
captured the restorative experience of two environments (i.e., home and the horticulture intervention 
setting) in their measure of being away. Thus to our knowledge, the interaction between perceived 
restorativeness and perceived naturalness on emotional well-being found here is novel.  
Taken together, these two results emphasize the importance of considering the transactional 
relationship between person and environment in Nature-health research. Perceived restorative quality 
is about a person’s experience of an environment as restorative, which is related to but separate from 
the other two indicators of perceived environmental quality examined in this study: naturalness and 
biodiversity. Our results suggest the short-term emotional well-being benefits of Nature may be a 
consequence of an individual’s experience of the physical environment as restorative, rather than the 
environment itself. These findings suggest a move away from a deterministic approach to 
environmental design or Nature and health research, in which the assumption that including a 
particular feature (e.g., water; variety of shrubs) into an environment or living in proximity to a certain 
environment type (e.g., coast) will result in greater emotional well-being.  
In terms of walk characteristics, perceived walk intensity was a significant predictor of greater 
positive affect and happiness following an outdoor group walk. The identified relationship between 
intensity and positive affect is consistent with previous research that found immediate gains in positive 
affect following objectively measured exercise intensity [69]. We found no significant predictive 
relationship of perceived intensity on post-walk negative affect. Duration of the group walks was not a 
significant predictor of emotional well-being. This finding differs from that of Ekkekakis [69] who 
identified a significant positive relationship between duration of physical exercise and post-exercise 
positive affect. Thus it may be that the perceived physical intensity of the walk contributes to greater 
positive emotional well-being following a group walk and that the duration of walking may not matter 
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after accounting for intensity. The significance of physical intensity on post-walk positive emotional  
well-being highlights physical exercise as a possible confounder in green exercise studies. Moreover, the 
result calls attention to the need to isolate the effects of physical activity—such as walk intensity—from the 
effects of perceived environmental quality when investigating the health benefits of Nature [16,32,68]. This 
is especially important to tease out since providing a space for or enhancing the effects of physical activity 
has been suggested as one of the mechanisms through which Nature can affect human health [32]. 
Analyses also revealed perceived bird biodiversity was a significant predictor of post-walk negative 
affect. In contrast to previous research [19,41,42], negative affect increased as the perceived 
biodiversity of birds increased, specifically from 0–4 to 5–14 species types. The relationship could 
perhaps be explained by the type of bird species and its acoustic properties (pitch, intensity, roughness) 
as well as whether the increased number of birds was compatible with group walkers’ use of the 
environment [105]. For example, it is possible that participants made their assessment of perceived 
bird biodiversity based on bird song and calls, as this can be an one way in which to identify them 
[105]. In general, listening to birdsong improves mood [106]. However, not all bird sounds are 
perceived as positive, as the songs and calls of certain bird species common in English urban green 
spaces (e.g., magpies, crows, owls) are associated with negative emotions [105]. Perhaps the increased 
number of birds perceived by participants was one of these bird species, or that the additional bird 
species were incompatible to the participant’s use of the environment whilst on a group walk. 
In this study, environment type, perceived biodiversity of butterflies, and plants and trees were not 
significant predictors of the change in emotional well-being following a group walk. Previous research [48] 
also found a nonsignificant effect of environment type for a group walk on positive affect. However, the 
authors did find a reduction in negative affect associated with group walks in farmland and green corridor 
environments. Methodological differences in the measurement of the emotional well-being between that 
study and ours make direct comparisons difficult; the previous study assessed longer-term emotional  
well-being associated with outdoor group walks in certain environments, whilst here we assessed  
short-term emotional well-being, i.e., immediately following the walk. Three reasons for the nonsignificant 
effects of butterflies and plants and trees are discussed below.  
5. Conclusions 
In summary, our findings indicate that perceived restorative quality and perceived walk intensity 
contributed to short-term emotional well-being. These findings extend current research on the effects 
of environment type [48], naturalness [50] biodiversity [19], and restorativeness [54] on well-being. 
Moreover, the finding that perceived restorative quality moderated the association between perceived 
naturalness and post-walk positive affect suggests that the two environmental quality indicators may 
amplify positive affective responses to Nature, and provides further insight into the transactional 
relationship between person and environment. The current findings add to a growing empirical 
literature documenting the health benefits of Nature [32,34]. The study highlights the contribution of 
perceived restorative quality to the relationship between environment type or indicators of 
environmental quality and well-being in Nature and health research. The study also further emphasises 
the need to control for effects of physical activity in green exercise research. 
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6. Limitations and Future Directions 
This study has a number of limitations. First, the data may reflect a seasonal effect, as the study 
took place over the changing seasons from late summer through autumn. As changes in temperature 
and weather may influence response to perceived restorativeness and emotional well-being measures, 
future research may consider data collection during a single season. Second, it is beneficial to conduct a 
power analysis and estimate the required sample size prior to the data collection to ensure detection of 
moderation effects [107]. However, given the study design—in which the number of returned 
questionnaires was dependent on the number of group walks taken by participants during the study— an 
initial power analysis could not be performed. Third, low response frequencies for certain biodiversity 
categories might have increased the sensitivity of our models to external interactions; potential 
conclusions and inference will need to take this into account. Fourth, the data collection protocol could 
mean that participants did not necessarily complete the questionnaire immediately before and after the 
group walk, which could affect internal validity. Future smaller scale studies could place the 
experimenter with participants to ensure adherence to the data collection protocol. Finally, walking in a 
group may result in less interaction with the environment [108] and less perceived restorativeness [61]. 
As such, future studies may wish to replicate this study with solo walkers. 
To our knowledge, the identified relationship between perceived biodiversity and emotional  
well-being following a group walk is novel. As research in perceived and objective biodiversity and 
subjective well-being is a nascent research area, we suggest our findings here be considered with 
caution until a greater evidence base is developed. We give three reasons for caution. First, over the 
course of the data collection (22 August to 14 November 2011), the number of actual species of birds 
and butterflies present in the walk setting likely diminished, and cues of different types of plants and 
trees may have become reduced as well. Second, the measures of perceived biodiversity used in this 
study were created specifically for investigating species richness in urban green spaces [40], but were 
applied here to assess perceived biodiversity in seven different environment types. As such, use of  
setting-specific perceived biodiversity response categories to assess perceived biodiversity in other 
environment types may be inappropriate. Finally, the perceived biodiversity measures were originally 
designed such that responses from participants could be compared to objective ecological survey data 
on species richness [40]. Consequently, these measures ask participants to make a numerical 
assessment, on a categorical response option scale, of the number of birds, butterflies and plants/trees 
in an environment. If researchers are not seeking to align measures of objective and subjective 
biodiversity, then future studies may want to use a more subjective scale of perceived biodiversity, like 
the Biodiversity Experience Index [41].  
In this paper we specifically focused on how perceived restorativeness might interact with 
perceived environment type, naturalness and biodiversity to influence well-being. An alternative 
examination is to investigate perceived restorativeness as a mediator. Indeed, suggestive evidence of 
mediation appears in the reported bivariate correlations; measures of perceived naturalness and 
biodiversity did not correlate with post-walk emotional well-being but did significantly correlate with 
perceived restorativeness, which was significantly correlated with the post-walk emotional well-being. 
Thus, perceived naturalness and biodiversity may indirectly influence post-walk emotional well-being 
via perceived restorativeness. Future studies could usefully investigate a mediation model in which 
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perceived restorativeness mediates the relationship between environment type, naturalness and 
biodiversity on well-being [109]. We are currently reanalysing our data to explore whether such a 
multilevel mediation model exists. 
Environmental experiences are multi-dimensional as environmental types and qualities co-occur. As 
such, future studies on Nature and health could usefully investigate the interaction of environment type 
and/or indicators of perceived environmental quality on health and well-being outcomes. Further research 
is required to determine whether perceived restorative quality moderates the Nature-health relationship.  
Acknowledgments 
The authors would like to thank the participants for their time, and Dr Dave Stone, Tim Fitches, 
Fiona Taylor, Dr Mark J. Brewer and Prof David Elston for their support, and the four anonymous 
reviewers for their comments. The Institute of Energy and Sustainable Development provided funding 
for study. Melissa Marselle was supported by a De Montfort University PhD Studentship, and Edge 
Hill University. Katherine Irvine and Altea Lorenzo-Arribas were supported by the Scottish 
Government’s Rural and Environment Science and Analytical Services Division (RESAS). Sara 
Warber was supported by a Fulbright Scholarship from the US-UK Fulbright Commission.  
Author Contributions 
MM, KI and SW had the original idea for the study and contributed to study design. MM and KI 
further developed the theoretical design of the research and the study materials.  MM conducted 
participant recruitment, data collection, and drafted the manuscript. KI contributed substantially to 
interpretation of results, manuscript preparation and improvement of the manuscript. ALA carried out the 
statistical analyses and contributed to interpretation of results. SW further contributed to interpretation of 
results, and improvement of the manuscript. All authors read and approved the manuscript.  
Conflicts of Interest 
The authors declare no conflict of interest.  
References  
1. Thompson, C.W. Linking landscape and health: The recurring theme. Landsc. Urban Plan. 2011, 
99, 187–195. 
2. De Vries, S.; Verheij, R.; Groenewegen, P.; Spreeuwenberg, P. Natural environments-healthy 
environments? An exploratory analysis of the relationship between greenspace and health. 
Environ. Plan. A 2003, 35, 1717–1732. 
3. Van den Berg, A.E.; Maas, J.; Verheij, R.A.; Groenewegen, P.P. Green space as a buffer between 
stressful life events and health. Soc. Sci. Med. 2010, 70, 1203–1210. 
4. Ward Thompson, C.; Roe, J.; Aspinall, P.; Mitchell, R.; Clow, A.; Miller, D. More green space is 
linked to less stress in deprived communities: Evidence from salivary cortisol patterns. Landsc. 
Urban Plan. 2012, 105, 221–229. 
Int. J. Environ. Res. Public Health 2015, 12 124 
 
 
5. Roe, J.J.; Ward Thompson, C.; Aspinall, P.A.; Brewer, M.J.; Duff, E.I.; Miller, D.; Mitchell, R.; 
Clow, A. Green space and stress: Evidence from cortisol measures in deprived urban communities. 
Int. J. Environ. Res. Public Health 2013, 10, 4086–4103. 
6. Marselle, M.R.; Irvine, K.N.; Warber, S.L. The effects of group walks in nature on multiple 
dimensions of well-being. Ecopsychology 2014, 6, 134–147. 
7. Hartig, T.; Mang, M.; Evans, G.W. Restorative effects of natural environment experiences. 
Environ. Behav. 1991, 23, 3–26. 
8. Hartig, T.; Evans, G.W.; Jamner, L.D.; Davis, D.S.; Garling, T. Tracking restoration in natural 
and urban field settings. J. Environ. Psychol. 2003, 23, 109–123. 
9. Hinds, J.; Sparks, P. The affective quality of human-natural environment relationships. Evol. Psychol. 
2011, 9, 451–469. 
10. Irvine, K.N.; Warber, S.L.; Devine-Wright, P.; Gaston, K.J. Understanding urban green space as 
a health resource: A qualitative comparison of visit motivation and derived effects among park 
users in Sheffield, UK. Int. J. Environ. Res. Public Health 2013, 10, 417–442. 
11. Berman, M.; Jonides, J.; Kaplan, S. The cognitive benefits of interacting with nature. Psychol. Sci. 
2008, 19, 1207–1212. 
12. Irvine, K.N. Work Breaks and Well-Being: The Effect of Nature on Hospital Nurses. Ph.D. 
Thesis, University of Michigan, Ann Arbor, MI, USA, 2004. 
13. Beil, K.; Hanes, D. The influences of urban natural and built environments on physiological and 
psychological measures of stress—A pilot study. Int. J. Environ. Res. Public Health 2013, 10, 
1250–1267. 
14. Ulrich, R. Visual landscapes and psychological well-being. Landsc. Res. 1979, 4, 17–23. 
15. Ulrich, R. Aesthetic and affective response to natural environment. In Human Behavior and the 
Natural Environment; Altman, I., Wohlwill, J., Eds.; Plenum Press: New York, NY, USA, 1983; 
pp. 85–125. 
16. Ulrich, R.; Simons, R.; Losito, B.; Fiorito, E.; Miles, M.; Zelson, M. Stress recovery during 
exposure to natural and urban environments. J. Environ. Psychol. 1991, 11, 201–230. 
17. Stigsdotter, U.K.; Ekholm, O.; Schipperijn, J.; Toftager, M.; Kamper-Jørgensen, F.;  
Randrup, T.B. Health promoting outdoor environments—Associations between green space, and 
health, health-related quality of life and stress based on a Danish national representative survey. 
Scand. J. Public Health 2010, 38, 411–417. 
18. Stigsdotter, U.K.; Grahn, P. Stressed individuals’ preference for activities and environmental 
characteristics in green spaces. Urban Forest. Urban Greening 2011, 10, 295–304. 
19. Dallimer, M.; Irvine, K.N.; Skinner, A.M.J.; Davies, Z.G.; Rouquette, J.R.; Maltby, L.L.;  
Warren, P.H.; Armsworth, P.R.; Gaston, K.J. Biodiversity and the feel-good factor: Understand 
associations between self-reports human well-being and species richness. BioScience 2012, 62, 
47–55. 
20. Kinnafick, F.; Thøgersen-Ntoumani, C. The effect of the physical environment and levels of 
activity on affective states. J. Environ. Psychol. 2014, 38, 241–251. 
21. Groenewegen, P.P.; van den Berg, A.E.; Maas, J.; Verheij, R.A.; de Vries, S. Is a green 
residential environment better for health? If so, why? Ann. Assoc. Am. Geogr. 2012, 102,  
996–1003. 
Int. J. Environ. Res. Public Health 2015, 12 125 
 
 
22. Mitchell, R.; Popham, F. Greenspace, urbanity and health: Relationships in England.  
J. Epidemiol. Community Health 2007, 61, 681–683. 
23. Mitchell, R.; Popham, F. Effect of exposure to natural environment on health inequalities:  
An observational population study. The Lancet 2008, 372, 1655–1660. 
24. Brown, C.; Grant, M. Biodiversity and human health: What role for nature in healthy urban 
planning? Built Environ. 2005, 31, 326–338. 
25. Bowler, D.E.; Buyung-Ali, L.; Knight, T.; Pullin, A.S. A systematic review of evidence for the 
added benefits to health of exposure to natural environments. BMC Public Health 2010, 10, 
doi:10.1186/1471-2458-10-456. 
26. Thompson Coon, J.; Boddy, K.; Stein, K.; Whear, R.; Barton, J.; Depledge, M.H. Does 
participating in physical activity in outdoor natural environments have a greater effect on 
physical and mental wellbeing than physical activity indoors? A systematic review. Environ. Sci. 
Technol. 2011, 45, 1761–1772. 
27. Croucher, K.; Myers, L.; Bretherton, J. The Links between Greenspace and Health: A Critical 
Literature Review. 2007. Available online: http://www.greenspacescotland.org.uk/SharedFiles/ 
Download.aspx?pageid=133&fileid=85&mid=129 (accessed on 30 April 2014). 
28. Jorgensen, A.; Gobster, P.H. Shades of green: Measuring the ecology of urban green space in the 
context of human health and well-being. Nat. Cult. 2010, 5, 338–363. 
29. Lee, A.C.K.; Maheswaran, R. The health benefits of urban green spaces: A review of the 
evidence. J. Public Health 2011, 33, 212–222. 
30. Mitchell, R. Is physical activity in natural environments better for mental health than physical 
activity in other environments? Soc. Sci. Med. 2013, 91, 130–134. 
31. Velarde, M.D.; Fry, G.; Tveit, M. Health effects of viewing landscapes—Landscape types in 
environmental psychology. Urban Forest. Urban Greening 2007, 6, 199–212. 
32. Hartig, T.; Mitchell, R.; de Vries, S.; Frumkin, H. Nature and Health. Annu. Rev. Public Health 
2014, 35, 207–228. 
33. Scopelliti, M.; Carrus, G.; Cini, F.; Mastandrea, S.; Ferrini, F.; Lafortezza, R.; Agrimi, M.; 
Salbitano, F.; Sanesi, G.; Semenzato, P. Biodiversity, perceived restorativeness and benefits of 
nature: A study on the psychological processes and outcomes of on-site experiences in urban and 
peri-urban green areas in Italy. In Vulnerability, Risks and Complexity: Impacts of Global 
Change on Human Habitats; Kabisch, S., Kunath, A., Schweizer-Ries, P., Steinführer, A., Eds.; 
Hogrefe Publishing: Gottingen, Germany, 2012; p. 255. 
34. Keniger, L.E.; Gaston, K.J.; Irvine, K.N.; Fuller, R.A. What are the benefits of interacting with 
nature? Int. J. Environ. Res. Public Health 2013, 10, 913–935. 
35. De Vries, S.; van Dillen, S.M.E.; Groenewegen, P.P.; Spreeuwenberg, P. Streetscape greenery 
and health: Stress, social cohesion and physical activity as mediators. Soc. Sci. Med. 2013, 94, 
26–33. 
36. Van Dillen, S.M.E.; de Vries, S.; Groenewegen, P.P.; Spreeuwenberg, P. Greenspace in urban 
neighbourhoods and residents’ health: Adding quality to quantity. J. Epidemiol. Community 
Health 2012, 66, doi:10.1136/jech.2009.104695. 
37. Hillsdon, M.; Panter, J.; Foster, C.; Jones, A. The relationship between access and quality of 
green space with population physical activity. Public Health 2006, 120, 1127–1132. 
Int. J. Environ. Res. Public Health 2015, 12 126 
 
 
38. Bonnes, M.; Uzzell, D.; Carrus, G.; Kelay, T. Inhabitants’ and experts’ assessments of 
environmental quality for urban sustainability. J. Soc. Iss. 2007, 63, 59–78. 
39. Lovell, R.; Wheeler, B.W.; Higgins, S.L.; Irvine, K.N.; Depledge, M.H. A systematic review of 
the health and wellbeing benefits of biodiverse environments. J. Toxicol. Environ. Health B Crit. 
Rev. 2014, 17, 1–20. 
40. Fuller, R.A.; Irvine, K.N.; Devine-Wright, P.; Warren, P.H.; Gaston, K.J. Psychological benefits 
of greenspace increase with biodiversity. Biol. Lett. 2007, 3, 390–394. 
41. Johansson, M.; Gyllin, M.; Witzell, J.; Küller, M. Does biological quality matter? Direct and 
reflected appraisal of biodiversity in temperate deciduous broad-leaf forest. Urban Forest. Urban 
Greening 2013, 13, 28–37. 
42. Shwartz, A.; Turbé, A.; Simon, L.; Julliard, R. Enhancing urban biodiversity and its influence on 
city-dwellers: An experiment. Biol. Conserv. 2014, 171, 82–90. 
43. Carrus, G.; Lafortezza, R.; Colangelo, G.; Dentamaro, I.; Scopelliti, M.; Sanesi, G. Relations 
between naturalness and perceived restorativeness of different urban green spaces. Psyecology 
2013, 4, 227–244. 
44. White, M.P.; Alcock, I.; Wheeler, B.W.; Depledge, M.H. Coastal proximity, health and  
well-being: Results from a longitudinal panel survey. Health Place 2013, 23, 97–103. 
45. Wheeler, B.W.; White, M.; Stahl-Timmins, W.; Depledge, M.H. Does living by the coast 
improve health and wellbeing? Health Place 2012, 18, 1198–1201. 
46. Barton, J.; Pretty, J. What is the best dose of nature and green exercise for improving mental 
health? A multi-study analysis. Environ. Sci. Technol. 2010, 44, 3947–3955. 
47. Martens, D.; Gutscher, H.; Bauer, N. Walking in “wild” and “tended” urban forests: The impact 
on psychological well-being. J. Environ. Psychol. 2011, 31, 36–44. 
48. Marselle, M.R.; Irvine, K.N.; Warber, S.L. Walking for well-being: Are group walks in certain 
types of natural environments better for well-being than group walks in urban environments?  
Int. J. Environ. Res. Public Health 2013, 10, 5603–5628. 
49. Mackay, G.J.; Neill, J.T. The effect of “green exercise” on state anxiety and the role of exercise 
duration, intensity and greenness: A quasi-experimental study. Psychol. Sport Exerc. 2010, 11, 
238–245. 
50. Van den Berg, A.E.; Jorgensen, A.; Wilson, E.R. Evaluating restoration in urban green spaces: 
Does setting type make a difference? Landsc. Urban Plan. 2014, 127, 173–181. 
51. Hough, R.L. Biodiversity and human health: Evidence for causality? Biodiv. Conserv. 2014, 23, 
267–288. 
52. Kaplan, S. The restorative benefits of nature: Toward an integrative framework. J. Environ. 
Psychol. 1995, 15, 169–182. 
53. Kaplan, R.; Kaplan, S. The Experience of Nature: A Psychological Perspective; Cambridge 
University Press: Cambridge, UK, 1989. 
54. Korpela, K.; Borodulin, M.; Neuvonen, O.; Paronen, L.; Tyrväinen, L. Analyzing the mediators 
between nature-based outdoor recreation and emotional well-being. J. Environ. Psychol. 2014, 
37, 1–7. 
55. Hartig, T.; Korpela, K.; Evans, G.W.; Gärling, T. A measure of restorative quality in 
environments. Scand. Hous. Plan. Res. 1997, 14, 175–194. 
Int. J. Environ. Res. Public Health 2015, 12 127 
 
 
56. Sato, I.; Conner, T.S. The quality of time in nature: How fascination explains and enhances the 
relationship between nature experiences and daily affect. Ecopsychology 2013, 5, 197–204. 
57. Hayes, A.F. Introduction to Mediation, Moderation, and Conditional process Analysis:  
A Regression-Based Approach; The Guilford Press: New York, NY, USA, 2013. 
58. Evans, G.W.; Lepore, S.J. Moderating and mediating processes in environment-behavior 
research. In Advances in Environment, Behavior and Design. Volume 4: Toward an Integration 
of Theory, Methods, Research, and Utilization; Moore, G.T., Marans, R.W., Eds.; Plenum Press: 
New York, NY, USA, 1997; pp. 255–285. 
59. Hartig, T. Issues in restorative environments research: Matters of measurement. In Psicología 
Ambiental 2011: Entre Los Estudios Urbanos y El Análisis De La Sostenibilidad  
[Environmental Psychology 2011: Between Urban Studies and the Analysis of Sustainability];  
Fernández-Ramírez, B., Hidalgo Villodres, C., Salvador Ferrer, C.M., Martos Méndez, M.J., 
Eds.; University of Almería and the Spanish Association of Environmental Psychology: Almería, 
Spain, 2011; p. 41. 
60. Nordh, H.; Hartig, T.; Hagerhall, C.M.; Fry, G. Components of small urban parks that predict the 
possibility for restoration. Urban Forest. Urban Green. 2009, 8, 225–235. 
61. Johansson, M.; Hartig, T.; Staats, H. Psychological benefits of walking: Moderation by company 
and outdoor environment. Appl. Psychol. Health Well-Being 2011, 3, 261–280. 
62. Scopelliti, M.; Giuliani, M.V. Restorative environments in later life. An approach to wellbeing 
from the perspective of environmental psychology. J. Hous. Elder. 2005, 19, 203–226. 
63. Hauru, K.; Lehvävirta, S.; Korpela, K.; Kotze, D.J. Closure of view to the urban matrix has 
positive effects on perceived restorativeness in urban forests in Helsinki, Finland. Landsc. Urban 
Plan. 2012, 107, 361–369. 
64. Gonzalez, M.T.; Hartig, T.; Patil, G.G.; Martinsen, E.W.; Kirkevold, M. Therapeutic horticulture 
in clinical depression: A prospective study of active components. J. Adv. Nurs. 2010, 66,  
2002–2013. 
65. Biddle, S.J.H.; Mutrie, N. Psychology of Physical Activity: Determinants, Well-Being and 
Interventions, 2nd ed.; Routledge: London, UK, 2008. 
66. Mata, J.; Thompson, R.J.; Jaeggi, S.M.; Buschkuehl, M.; Jonides, J.; Gotlib, I.H. Walk on the 
bright side: Physical activity and affect in major depressive disorder. J. Abnorm. Psychol. 2012, 
121, 297–308. 
67. Hendrickx, H.; van der Ouderaa, F. State of the Science Review: SR-E24. The Effect of Physical 
Activity on Mental Capital and Wellbeing. 2008. Available online: http://www.bis.gov.uk/assets/ 
foresight/docs/mental-capital/sr-e24_mcw.pdf (accessed on 14 August 2013). 
68. Hartig, T.; van den Berg, A.E.; Hagerhall, C.M.; Tomalak, M.; Bauer, N.; Hansmann, R.;  
Ojala, A.; Syngollitou, E.; Carrus, G.; van Herzele, A.; et al. Health benefits of nature 
experience: Psychological, social and cultural processes. In Forests, Trees and Human Health; 
Nilsson, K., Sangster, M., Gallis, C., Hartig, T., de Vries, S., Seeland, K., Schipperijn, J., Eds.; 
Springer:  
Dordrecht, The Netherlands, 2011; pp. 127–168. 
69. Ekkekakis, P. Pleasure and displeasure from the body: Perspectives from exercise. Cog. Emot. 
2003, 17, 213–239. 
Int. J. Environ. Res. Public Health 2015, 12 128 
 
 
70. Walking for Health. The Case for Walking for Health: A Briefing for Scheme Coordinators. 
2013. Available online: http://www.walkingforhealth.org.uk/sites/default/files/caseforsupport 
briefing-final.pdf (accessed on 4 July 2013). 
71. Fitches, T. Who Took Part in Walking for Health? Natural England Research Reports Number 
NERR041; Natural England: Sheffield, UK, 2011. 
72. Coleman, R.J.; Kokolakakis, T.; Ramchandani, G. Walking for Health Attendance Study; Natural 
England Research Reports Number 098; Natural England: Sheffield, UK, 2011. 
73. Marselle, M.R. Growing Resilience through Interaction with Nature (GRIN): The Well-Being 
Benefits of Outdoor Group Walks. Ph.D. Thesis, De Montfort University, Leicester, UK, 2013. 
74. Huppert, F.A.; Marks, N.; Clark, A.; Siegrist, J.; Stitzer, A.; Vitterø, J.; Wahrendorf, M. 
Measuring well-being across Europe: Descriptions of the ESS well-being module and 
preliminary findings. Soc. Indic. Res. 2009, 91, 301–315. 
75. Keyes, C.L.M.; Shmotkin, D.; Ryff, C. Optimizing well-being: The empirical encounter of two 
traditions. J. Pers. Soc. Psychol. 2002, 82, 1007–1022. 
76. Moskowitz, J.T.; Epel, E.S.; Acree, M. Positive affect uniquely predicts lower risk of mortality in 
people with diabetes. Health Psychol. 2008, 27, S73–S82. 
77. Ostir, G.V.; Markides, K.S.; Black, S.A.; Goodwin, J.S. Emotional well-being predicts 
subsequent functional independence and survival. J. Am. Geriatr. Soc. 2000, 48, 473–478. 
78. Contribution to the Evidence Base for Evaluating Health Interventions in Natural Environment 
Settings: A Review of Methods and Evaluation Approaches. 2011. Available online: 
http://www.forestry.gov.uk/pdf/OtHER_Final_report_300411.pdf/$file/OtHER_Final_report_30
0411.pdf (accessed on 9 July 2013). 
79. Newton, J. Wellbeing and the Natural Environment: A Brief Overview of the Evidence. 
Economic and Social Research Council: Swindon, UK, 2007. 
80. Watson, D.; Clark, L.A.; Tellegen, A. Development and validation of brief measures of positive 
and negative affect: The PANAS Scales. J. Pers. Soc. Psychol. 1988, 54, 1063–1070. 
81. Berman, M.; Kross, E.; Krpan, K.; Askren, M.; Burson, A.; Deldin, P.; Kaplan, S.; Sherdell, L.; 
Gotlib, I.; Jonides, J. Interacting with nature improves cognition and affect for individuals with 
depression. J. Affect. Disord. 2012, 140, 300–305. 
82. Van den Berg, A.E.; Custers, M.H.G. Gardening promotes neuroendocrine and affective 
restoration from stress. J. Health Psychol. 2011, 16, 3–11. 
83. Abdel-Khalek, A.M. Measuring happiness with a single-item scale. Soc. Behav. Pers. Int. J. 
2006, 34, 139–150. 
84. Raanaas, R.K.; Patil, G.G.; Hartig, T. Health benefits of a view of nature through the window:  
A quasi-experimental study of patients in a residential rehabilitation center. Clin. Rehabil. 2011, 
26, 21–32. 
85. Raanaas, R.K.; Patil, G.G.; Hartig, T. Effects of an indoor foliage plant intervention on patient 
well-being during a residential rehabilitation program. HortScience 2010, 45, 387–392. 
86. Hug, S.; Hartig, T.; Hansmann, R.; Seeland, K.; Hornung, R. Restorative qualities of indoor and 
outdoor exercise settings as predictors of exercise frequency. Health Place 2009, 15, 971–980. 
Int. J. Environ. Res. Public Health 2015, 12 129 
 
 
87. Ivarsson, T.C.; Hagerhall, C.M. The perceived restorativeness of gardens—Assessing the 
restorativeness of a mixed built and natural scene type. Urban Forest. Urban Greening 2008, 7, 
107–118. 
88. Duvall, J. Deliberate Engagement as a Strategy for Promoting Behavior Change while Enhancing 
Well-Being. Ph.D. Thesis, University of Michigan, Ann Arbor, MI, USA, 2010. 
89. Office for National Statistics. Regions (Former GORs). Available online: http://www.ons.gov.uk/ 
ons/guide-method/geography/beginner-s-guide/administrative/england/government-office-regions/ 
index.html (accessed on 17 November 2014). 
90. Bland, J.M.; Altman, D.G. Calculating correlation coefficients with repeated observations:  
Part 2—Correlation between subjects. BMJ 1995, 310, doi:10.1136/bmj.310.6980.633. 
91. Fischer, A.; Bednar-Friedl, B.; Langers, F.; Dobrovodská, M.; Geamana, N.; Skogen, K.; 
Dumortier, M. Universal criteria for species conservation priorities? Findings from a survey of 
public views across Europe. Biol. Conserv. 2011, 144, 998–1007. 
92. Maas, J.; van Dillen, S.M.E.; Verheij, R.A.; Groenewegen, P.P. Social contacts as a possible 
mechanism behind the relation between green space and health. Health Place 2009, 15, 586–595. 
93. Maas, J.; Verheij, R.; Spreeuwenberg, P.; Groenewegen, P. Physical activity as a possible 
mechanism behind the relationship between green space and health: A multilevel analysis. BMC 
Public Health 2008, 8, doi:10.1186/1471-2458-8-206. 
94. Richardson, E.A.; Pearce, J.; Mitchell, R.; Kingham, S. Role of physical activity in the 
relationship between urban green space and health. Public Health 2013, 127, 318–324. 
95. The R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for 
Statistical Computing: Auckland, New Zealand, 2012. 
96. Pinheiro, J.; Bates, D.; DebRoy, S.; Sarkar, D.; R Development Core Team. Nlme: Linear and 
Nonlinear Mixed Effects Models, R Package Version 3.1-113; R Foundation for Statistical 
Computing: Auckland, New Zealand, 2013. 
97. Shieh, Y.; Fouladi, R.T. The effect of multicollinearity on multilevel modeling parameter 
estimates and standard errors. Educ. Psychol. Meas. 2003, 63, 951–985. 
98. Wu, A.; Zumbo, B.D. Understanding and using mediators and moderators. Soc. Indic. Res. 2008, 
87, 367–392. 
99. Bauer, D.J.; Curran, P.J. Probing interactions in fixed and multilevel regression: Inferential and 
graphical techniques. Multivariate Behav. Res. 2005, 40, 373–400. 
100. Planning Policy Guidance 17: Planning for Open Space, Sport and Recreation. Available online: 
http://webarchive.nationalarchives.gov.uk/20120919132719/www.communities.gov.uk/archived/
publications/planningandbuilding/planningpolicyguidance17 (accessed on 17 November 2014). 
101. Bodin, M.; Hartig, T. Does the outdoor environment matter for psychological restoration gained 
through running? Psychol. Sport Exerc. 2003, 4, 141–153. 
102. Herzog, T.R.; Maguire, C.P.; Nebel, M.B. Assessing the restorative components of 
environments. J. Environ. Psychol. 2003, 23, 159–170. 
103. Korpela, K.; Ylén, M.; Tyrväinen, L.; Silvennoinen, H. Favorite green, waterside and urban 
environments, restorative experiences and perceived health in Finland. Health Promot. Int. 2010, 
25, 200–209. 
Int. J. Environ. Res. Public Health 2015, 12 130 
 
 
104. White, M.P.; Pahl, S.; Ashbullby, K.; Herbert, S.; Depledge, M.H. Feelings of restoration from 
recent nature visits. J. Environ. Psychol. 2013, 35, 40–51. 
105. Ratcliffe, E.; Gatersleben, B.; Sowden, P.T. Bird sounds and their contributions to perceived 
attention restoration and stress recovery. J. Environ. Psychol. 2013, 36, 221–228. 
106. Benfield, J.A.; Taff, B.D.; Newman, P.; Smyth, J. Natural sound facilitates mood recovery. 
Ecopsychology 2014, 6, 183–188. 
107. Frazier, P.A.; Tix, A.P.; Barron, K.E. Testing moderator and mediator effects in counseling 
psychology research. J. Couns. Psychol. 2004, 51, 115–134. 
108. Hynds, H.; Allibone, C. What Motivates People to Participate in Organised Walking Activity? 
Natural England Research Reports Number NERR028; Natural England: Sheffield, UK, 2009. 
109. Carrus, G.; Scopelliti, M.; Lafortezza, R.; Colangelo, G.; Ferrini, F.; Salbitano, F.; Agrimi, M.; 
Portoghesi, L.; Semenzato, P.; Sanesi, G. Go greener, feel better? The positive effects of 
biodiversity on the well-being of individuals visiting urban and peri-urban green areas. Landsc. 
Urban Plan. 2015, 134, 221–228. 
© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/4.0/). 
